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E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SHQHWUDWLRQZHOGLQJ7KHVSHHGRIWKHZHOGLQJJXQZDVPPPLQ,QRUGHUWRIDFLOLWDWHWKHZHOGLQJSURFHVVDQG
UHWDLQWKHZHOGSODWHVLQSRVLWLRQDVVKRZQLQ)LJ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RIERWK WKHPHWDOV$,6,/1VWDLQOHVV VWHHO KDV D ORZHU WKHUPDO FRQGXFWLYLW\ WKDQ WKDWRIPRGLILHG3 VWHHO
ZKLFKFRXOG OHDG WRKHDWDFFXPXODWLRQDQGKLJKHUDPRXQWRIPHOWLQJ LQ/1VWDLQOHVV VWHHO$IWHU WKHZHOGLQJ
SDVVDQDGGLWLRQDOFRVPHWLFVPRRWKLQJSDVVZDVLQWURGXFHGXVLQJDGHIRFXVVHGEHDPZLWKP$DQGN9ZKLFK
UHVXOWHGLQDSHQHWUDWLRQGHSWKRIPP7KHSXUSRVHRIWKHVPRRWKLQJSDVVZDVWRHQKDQFHWKHVXUIDFHILQLVKDQG
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FU\VWDOORJUDSKLFSODQHVDQGSHUPLWWHGWKHUHVLGXDOVWUHVVVWUDLQVWDWHDWDPLFUROHYHOEHWZHHQWKHWZRSKDVHVWREH
PHDVXUHG > @ 7KH SODWHV ZHUH PHDVXUHG LQ WKH DVZHOGHG FRQGLWLRQ0HDVXUHPHQWV ZHUH PDGH DORQJ WZR
GLIIHUHQWOLQHVLDFURVVWKHZHOGDWWKHFHQWUHRIWKHSODWHDWDGHSWKRIPPIURPWKHWRSVXUIDFHDQGLLWKURXJK
WKH WKLFNQHVV RI WKH SODWH DW WKHZHOG FHQWUH2ZLQJ WR WKH YHU\ QDUURZ GLPHQVLRQV RI WKH IXVLRQ ]RQH DQG KHDW
DIIHFWHG]RQH +$= LQ WKHVDPSOHD VPDOOJDXJHYROXPHRIPP[PP[PPZDVXVHG WRFDSWXUH WKH VWHHS
JUDGLHQWVRIVWUHVVIRU WKHPHDVXUHPHQWVRI ODWWLFHFRQVWDQWDORQJ WKHZHOGORQJLWXGLQDO+RZHYHUEDVHGRQ WKH
DVVXPSWLRQ WKDW WKHUHZDV OLPLWHGYDULDWLRQ LQ WKH ORQJLWXGLQDOVWUDLQDORQJ WKHZHOGVHDP WKHJDXJHYROXPHZDV
H[WHQGHG WR PP ZKLOH PDNLQJ PHDVXUHPHQWV LQ WUDQVYHUVH DQG QRUPDO GLUHFWLRQV 7KLV UHGXFHG WKH RYHUDOO
PHDVXUHPHQWWLPHIRUHDFKPHDVXUHPHQWSRLQW)RUPHDVXUHPHQWVRQUHIHUHQFHVDPSOHVGHVFULEHGODWHUWKHJDXJH
YROXPHZDVPDLQWDLQHGDVPP[PP[PPLQDOORULHQWDWLRQ
$VWKHFRVPHWLFSDVVKDGDSHQHWUDWLRQGHSWKRIPPLWZDVGHFLGHGWRPHDVXUHWKHVWUHVVHVIURPWKHLQLWLDO
SDVVDORQHDWDGHSWKRIPPIURPWKHWRSVXUIDFH7KHPHDVXUHPHQWSRLQWVLQWKHZHOGDQGWKH+$=UHJLRQZHUH
HYHQO\VSDFHGDWGLVWDQFHVRIPPRQHLWKHUVLGHRIWKHZHOGIXVLRQOLQH2XWVLGHWKH+$=3DUHQWERXQGDU\RIWKH
ZHOG WKH SRLQWV ZHUH DOPRVW PP WR PP DSDUW RQ HLWKHU VLGH RI WKH IXVLRQ OLQH )RU WKURXJK WKLFNQHVV
PHDVXUHPHQWVWKHSRLQWVZHUHVHOHFWHGDWGHSWKLQFUHPHQWVRIPPIURPWKHWRSVXUIDFH,QRUGHUWRPHDVXUHWKH
ODWWLFHVSDFLQJLQDVWUHVVIUHHVWDWH WZRGLIIHUHQWGVDPSOHVZHUHPDFKLQHGIURPWKHZHOGHGSODWH$PPWKLFN
977 K. Abburi Venkata et al. /  Procedia Engineering  130 ( 2015 )  973 – 985 
VOLFHZDVPDFKLQHGIURPDQHQGRI WKHSODWHDORQJWKHWUDQVYHUVHHGJH7KLVVOLFHZDVWKHQPDFKLQHGWRFUHDWHG
VDPSOHVDVVKRZQLQ)LJ7ZRPDWFKVWLFNVDPSOHVZHUHH[WUDFWHGIURPWKHHQGVRIWKHVOLFHRQERWKVLGHVWRDFWDV
UHIHUHQFHVDPSOHVIRUWKHEDVHPHWDOV$FRPEVDPSOHZDVH[WUDFWHGIURPWKHFHQWUHRIWKHVOLFHZLWKUHJLRQVIURP
ZHOGIXVLRQ]RQHDQGWKH+$=RQHLWKHUVLGHRIWKHIXVLRQ]RQHDFWLQJDVDUHIHUHQFHVDPSOH


D6FKHPDWLFRIWKHGLVVLPLODUPHWDO(%ZHOGHGVDPSOHZLWKUHVWUDLQLQJODUJHUVWHHOSODWHV



E&URVVVHFWLRQDOZHOGPDFURJUDSK
)LJ'LVVLPLODUPHWDO(%ZHOGHGVDPSOH
978   K. Abburi Venkata et al. /  Procedia Engineering  130 ( 2015 )  973 – 985 
&0Q=U6L36&U0R 1L&X $O11E7L9
3 
/1

)LJ6FKHPDWLFRIWKHGVSHFLPHQV
7DEOH&KHPLFDOFRPSRVLWLRQRIWKHEDVHPHWDOVLQZW%DODQFH)H>±@

%DVHGRQ WKH VDPSOHJHRPHWU\DQG WKHSODQHVRI V\PPHWU\ WKHSULQFLSDOGLUHFWLRQVZHUHDVVXPHG WRFRLQFLGH
ZLWKWKHUHVLGXDOVWUHVVGLUHFWLRQVLQWKHWKUHHRUWKRJRQDOGLUHFWLRQV0HDVXUHPHQWVZHUHPDGHLQWKHWKUHHSULQFLSDO
VWUHVVGLUHFWLRQVFRUUHVSRQGLQJWRORQJLWXGLQDOWUDQVYHUVHDQGQRUPDOGLUHFWLRQVRIWKHZHOGRQWKHVWUHVVHGDVZHOO
DVWKHVWUHVVIUHHUHIHUHQFHVDPSOHV$VWKHQHXWURQVZHUHIURPDSXOVHGVRXUFHWKHUHIOHFWLRQVZHUHREWDLQHGIURP
GLIIHUHQW IDPLOLHV RI JUDLQV DQG 3DZOH\5LHWYHOG UHILQHPHQW ZDV XVHG WR ILW WKH GLIIUDFWLRQ SHDNV 'LUHFWLRQ DQG
SRVLWLRQGHSHQGHQW ODWWLFH VSDFLQJV RQ WKH VWUHVVIUHH VDPSOHVZHUHXVHG WR FDOFXODWH WKH VWUDLQV LQ WKH UHVSHFWLYH
VWUHVVGLUHFWLRQV7KHVWUDLQVZHUHFDOFXODWHGXVLQJ>@


x x
x
a ?a
 
a

 xxİ   
ZKHUHİxx LV WKHVWUDLQDORQJWKHGLUHFWLRQxaxa0xDUH WKHODWWLFHFRQVWDQWPHDVXUHGLQ WKHVWUHVVHGDQGVWUHVVIUHH
VDPSOHLQWKHGLUHFWLRQx7KHVWUHVVHVZHUHFDOFXODWHGXVLQJ>@
       
E Q
Q Q
ª º
   « » « »¬ ¼
ij xx xx yy zzı İ İ İ İ   
ZKHUHELVWKH<RXQJ¶VPRGXOXVDQGȞLVWKH3RLVVRQ¶VUDWLR7KHYDOXHRI<RXQJ¶VPRGXOXVZDVDVVXPHGWREH
*3D IRU 3 VWHHO DQG  *3D IRU $,6, /1 VWDLQOHVV VWHHO UHVSHFWLYHO\ 7KHVH YDOXHV FRUUHVSRQG WR WKH
UHFRPPHQGDWLRQVIURP.URQHU¶VPRGHOVIRUWKHPDFURVFRSLFHODVWLFEXONSURSHUWLHVLQSOR\FU\VWDOVIRUWKHEFFDQG
IFFSKDVHVUHVSHFWLYHO\>@
(OHFWURQEHDPZHOGVLPXODWLRQV
$QXPHULFDO DQDO\VLVZDVFRQGXFWHGRQ WKH'FURVVVHFWLRQDOSODQHDWPLGWKLFNQHVV WR VLPXODWH WKHHOHFWURQ
EHDPZHOGLQJ RI WKH GLVVLPLODU PHWDO SODWHV DQG SUHGLFW WKH UHVLGXDO VWUHVVHV DQG VWUDLQV XVLQJ $%$486 ILQLWH
HOHPHQWFRGH$VWKHZHOGLQJVSHHGZDVKLJKWKHFHQWUHRIWKHSODWHZDVDVVXPHGWREHDWDVWHDG\VWDWHFRQGLWLRQ
XQDIIHFWHGE\WKHWUDQVLHQWHIIHFWVRIZHOGLQJWKHUHIRUHLWZDVDVVXPHGWKDWD'PRGHORIWKHFURVVVHFWLRQDWWKH
FHQWUHRI WKHSODWHSUHGLFWHG WKH WKHUPDOKLVWRU\DQGZHOG UHVLGXDO VWUHVVHVZLWK VXIILFLHQW DFFXUDF\ >±@7KH
ZHOGLQJVLPXODWLRQZDVFDUULHGRXW LQVWDJHVXVLQJVHTXHQWLDOO\FRXSOHG WKHUPDODQGPHFKDQLFDODQDO\VHV)LUVW
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RUGHUOLQHDUTXDGUDWLFDQGWULDQJXODUKHDWWUDQVIHUHOHPHQWV'&'	'&'ZHUHXVHGLQWKHWKHUPDODQDO\VLV
ZKHUHDVOLQHDUSODQHVWUDLQHOHPHQWVZLWKUHGXFHGLQWHJUDWLRQDQGWULDQJXODUHOHPHQWV&3(5	&3(ZHUHXVHGLQ
WKHPHFKDQLFDODQDO\VLV7HPSHUDWXUHGHSHQGHQWPDWHULDOSURSHUWLHVDQGVWUHVVVWUDLQGDWDZHUHXVHGLQWKHDQDO\VLV
IRUERWKWKHPDWHULDOV7KHILQLWHHOHPHQWPHVKXVHGLQWKHDQDO\VLVLVVKRZQLQ)LJ7KHWHPSHUDWXUHGHSHQGHQW
WKHUPRSK\VLFDOSURSHUWLHVDQGWKHPRQRWRQLFVWUHVVVWUDLQYDOXHVRIWKHDXVWHQLWLF/1VWDLQOHVVVWHHODQGWKDWRI
3VWHHODUHGHVFULEHGHOVHZKHUH>@


)LJ)LQLWHHOHPHQWPHVKRIWKH'FURVVVHFWLRQDOPRGHOIRUGLVVLPLODUPHWDO(%ZHOGHGSODWH>@
%RWKWKHZHOGLQJSDVVDQGWKHFRVPHWLFSDVVZHUHPRGHOOHGLQWKHDQDO\VLV6SRWZHOGVPDGHDWWKHEHJLQQLQJRI
WKH ZHOGLQJ SURFHVV ZHUH QHJOHFWHG LQ WKH DQDO\VLV 7KH WKHUPDO DQDO\VLV ZDV FRQGXFWHG XVLQJ EORFN GXPSHG
DSSURDFK >  @ 7KH YROXPHWULF KHDW IOX[ DSSOLHG WR WKHZHOG HOHPHQWVZHUH FDOFXODWHG IURP WKHZHOGLQJ
SDUDPHWHUVZHOGSRROVL]HDQGWKHPHVKGLPHQVLRQV7KHZHOGHIILFLHQF\ZDVDVVXPHGWREH7KHKHDWIOX[
FRUUHVSRQGLQJ WR WKH IXOOSHQHWUDWLRQZHOGSDVVZDVDSSOLHGGXULQJ WKHKHDWLQJVWHS$IWHUZHOGLQJ WKHSODWHZDV
FRROHG WR  & 7KHQ WKH ZHOG HOHPHQWV ZHUH VXEMHFWHG WR DQRWKHU YROXPHWULF KHDW IOX[ FRUUHVSRQGLQJ WR WKH
FRVPHWLFSDVVUHVXOWLQJLQDGHSWKRISHQHWUDWLRQRIaPP7KHSODWHZDVVXEVHTXHQWO\FRROHGWR&7KHKHDW
ORVV IURP WKH SODWH ZDV VLPXODWHG XVLQJ UDGLDWLRQ ERXQGDU\ FRQGLWLRQ RQO\ ZLWK DQ HPLVVLYLW\ RI  7KH
SUHKHDWLQJRQWKH3VWHHOVLGHEHIRUHDFWXDOZHOGLQJZDVQRWFRQVLGHUHGLQWKHDQDO\VLV$OVRLWZDVDVVXPHGLQWKH
DQDO\VLVWKDWWKHFRQGXFWLRQEHWZHHQWKHVSHFLPHQDQGWKHEDFNLQJSODWHKDGQRVLJQLILFDQFHLQWKHWKHUPDOVROXWLRQ
DQGZDVWKHUHIRUHQHJOHFWHG
3VWHHOXQGHUJRHVVROLGVWDWHSKDVHWUDQVIRUPDWLRQGXULQJWKHFRROLQJF\FOH7KLVZDVPRGHOOHGLQWKHDQDO\VLV
IRU WKHSRUWLRQRI WKHSODWH WKDW FRUUHVSRQGV WR WKH3 VLGH7KHSKDVH WUDQVIRUPDWLRQZDV LPSOHPHQWHGXVLQJ D
XVHUVXEURXWLQH8(;3$17KHWKHUPDOH[SDQVLRQFRHIILFLHQWRI3VWHHOEHWZHHQWKHPDUWHQVLWHVWDUWWHPSHUDWXUH
a  & DQGPDUWHQVLWH ILQLVK WHPSHUDWXUH a  &ZDV FKDQJHG WR DFFRXQW IRU WKH FKDQJH LQ WKH YROXPH
GXULQJ WKH WUDQVIRUPDWLRQ 7KH WRWDO YROXPH FKDQJH DVVRFLDWHG ZLWK WKH WUDQVIRUPDWLRQ ZDV FRQVLGHUHG DV
PPPP >@ 7KH PDUWHQVLWLF IUDFWLRQ ZDV FDOFXODWHG IURP .RLVWLQHQ0DUEXUJHU UHODWLRQVKLS H[SODLQHG
HOVHZKHUH >  @ 7KH YROXPH FKDQJH DULVLQJ IURP DXVWHQLWLF WUDQVIRUPDWLRQ DQG WUDQVIRUPDWLRQ SODVWLFLW\
GXULQJSKDVHWUDQVIRUPDWLRQZHUHQHJOHFWHG7KHPHFKDQLFDODQDO\VLVZDVFRQGXFWHGDIWHUWKHWKHUPDODQDO\VLVDQG
WKHUHVLGXDOVWUHVVHVDQGVWUDLQVZHUHSUHGLFWHG7KHPDWHULDOKDUGHQLQJEHKDYLRXUZDVDVVXPHGWREHLVRWURSLFIRU
ERWK WKH PDWHULDOV ZLWK VLQJOH VWDJH DQQHDOLQJ DW  & IRU 3 VWHHO DQG  & IRU /1 VWDLQOHVV VWHHO
0HFKDQLFDOERXQGDU\FRQGLWLRQVZHUHDSSOLHGWRVLPXODWHWKHFODPSLQJFRQGLWLRQVRQWKHSODWHDVZHOODVWRSUHYHQW
WKHULJLGERG\PRWLRQ
5HVXOWVDQG'LVFXVVLRQ
5.1. Neutron diffraction results 
7KHQHXWURQGLIIUDFWLRQH[SHULPHQWUHVXOWHGLQWKHGHWHUPLQDWLRQRIWKHODWWLFHVSDFLQJDQGVXEVHTXHQWO\VWUHVVHV
DQGVWUDLQVZHUHFDOFXODWHG7KHUHVXOWVDUHSUHVHQWHGDQGGLVFXVVHGLQWKLVVHFWLRQ7KHVWUHVVIUHHODWWLFHVSDFLQJVLQ
WKHUHIHUHQFHVDPSOHVDUHVKRZQLQ)LJIRUERWKIFFDQGEFFSKDVHV7KHUHZDVDYDULDWLRQLQWKHODWWLFHVSDFLQJ
IURPWKHIXVLRQ+$=DQGSDUHQWUHJLRQVLQWKHZHOGHGVDPSOH7KHVWUDLQSURILOHVDFURVVWKHZHOGDUHVKRZQLQ)LJ
 ,W FDQEHVHHQ WKDW DW WKHZHOGFHQWUH WKH UHVXOWV LQGLFDWH WKHSUHVHQFHRIERWK WHQVLOH DQGFRPSUHVVLYHVWUDLQV
ZKLFKLVQRWSRVVLEOHDWDPDFURVWUHVV OHYHO7KLV LQGLFDWHGWKDW WKHGLIIUDFWLRQSDWWHUQDW WKHFHQWUHRI WKHSURILOH
KDGERWK IFF DQGEFFSKDVHV VXJJHVWLQJ D ORFDO VHJUHJDWLRQEHWZHHQ IFF DQGEFFSKDVHV LQ WKH IXVLRQ ]RQH7KH
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GLIIUDFWLRQSDWWHUQZDVUHSUHVHQWDWLYHRIWKHLQWHUSKDVHVWUDLQV>@6LQFHDQDUURZJDXJHYROXPHZDVXVHGIRU
WKH PHDVXUHPHQWV WKH VDPSOLQJ YROXPH ZDV QRW ODUJH HQRXJK IRU WKH LQWHUSKDVH VWUHVVHV WR EH HTXLOLEUDWHG
7KHUHIRUHWKHSKDVHGHSHQGHQWVWUDLQVZHUHREWDLQHGUDWKHUWKDQWKHPDFURVWUDLQV
7KHVWUDLQSURILOHVWKURXJKWKHWKLFNQHVVRIWKHZHOGDUHVKRZQLQ)LJDQGWKHSKDVHGHSHQGHQF\RIWKHVWUDLQV
LVLOOXVWUDWHG7KHIFFSKDVHZDVSUHGRPLQDQWO\XQGHUWHQVLRQZKHUHDVWKHEFFZDVXQGHUFRPSUHVVLRQ7KLVZDVD
FRQVHTXHQFHRIPDUWHQVLWLFSKDVHWUDQVIRUPDWLRQUHODWHGYROXPHFKDQJHGXULQJUDSLGFRROLQJ'XULQJUDSLGFRROLQJ
3VWHHOH[SHULHQFHVDWKHUPDOGLODWLRQXSRQUHDFKLQJWKHPDUWHQVLWLFVWDUWWHPSHUDWXUHXQWLOWKHPDUWHQVLWLFILQLVK
WHPSHUDWXUHUHVXOWLQJLQFRPSUHVVLYHVWUDLQVLQWKHZHOGUHJLRQVDQGKLJKWHQVLOHVWUDLQVDGMDFHQWWRWKH+$=3DUHQW
ERXQGDU\7KHUHIRUHWKHZHOGIXVLRQUHJLRQKDGFRPSUHVVLYHVWUDLQVLQWKHEFFSKDVHDQGWHQVLOHVWUDLQVLQIFFSKDVH
>@


D

E
)LJ6WUHVVIUHHODWWLFHVSDFLQJLQDIFFSKDVHEEFFSKDVH
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

)LJ6WUDLQDFURVVWKHZHOGLQ/1DQG3PDWHULDOV


)LJ6WUDLQWKURXJKWKHZHOGIXVLRQ]RQHDWWKHZHOGFHQWUH
7KHUHVLGXDOVWUHVVSURILOHVGHWHUPLQHGXVLQJHTDFURVV WKHZHOGDQG WKURXJKWKH WKLFNQHVVRI WKHSODWHDUH
VKRZQLQ)LJDQGUHVSHFWLYHO\7KHSHDNWHQVLOHVWUHVVLQWKHORQJLWXGLQDOGLUHFWLRQZDV03DLQWKH+$=
UHJLRQRQWKH$,6,/1VWDLQOHVVVWHHOVLGH6XFKDKLJKPDJQLWXGHRIVWUHVVPD\KDYHUHVXOWHGIURPSDUWLDOILOOLQJ
RI WKH VDPSOLQJJDXJHYROXPHFUHDWLQJSVHXGR VWUDLQV$V WKHGVDPSOHVZHUH VPDOO WKHUHPLJKWEHRQO\SDUWLDO
ILOOLQJRIWKHJDXJHYROXPHUHVXOWLQJLQDFRUUHVSRQGLQJSHDNEURDGHQLQJRIWHQPLVLQWHUSUHWHGDVVWUDLQ$OVRWKH
GVSHFLPHQVZHUHH[WUDFWHGIURPUHJLRQVXQGHUWKHLQIOXHQFHRIWKHFRVPHWLFSDVVZKHUHDVWKHPHDVXUHPHQWVRQ
WKH VSHFLPHQ DUH PDGH LQ D UHJLRQ DZD\ IURP WKH LQIOXHQFH RI WKH FRVPHWLF SDVV 7KLV VXJJHVWV WKDW WKH
PLFURVWUXFWXUHRI WKHGVSHFLPHQVDQG WKHLU ODWWLFH VSDFLQJFRXOGEHFRQVLGHUDEO\GLIIHUHQW IURP WKDWRI WKHZHOG
VSHFLPHQ

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
)LJ6WUHVVDFURVVWKHZHOGLQ/1DQG3PDWHULDOV


)LJ6WUHVVWKURXJKWKHZHOGIXVLRQ]RQHDWWKHZHOGFHQWUH
5.2. Finite element results 
$FRQWRXUPDSVKRZLQJWKHORQJLWXGLQDOUHVLGXDOVWUHVVDFURVVWKHZHOGDWPLGFURVVVHFWLRQLVVKRZQLQ)LJ
)URPWKHFRQWRXUWKHVWUHVVHVDWWKHLQWHUIDFHRIWKHZHOGMRLQWZKHUHERWKWKHSKDVHVDUHSUHVHQWDUHDPELJXRXV
VKRZLQJERWKWHQVLOHDQGFRPSUHVVLYHVWUHVVHV,WFDQEHUHDVRQHGWKDWWKHVWUHVVVWDWHLVUHSUHVHQWDWLYHRIWKHLQWHU
SKDVHVWUHVVHVUDWKHUWKDQWKHPDFURVWUHVVHV$FRPSDULVRQRIWKHSUHGLFWHGDQGPHDVXUHGORQJLWXGLQDOVWUHVVDFURVV
WKHZHOGDWWKHGHSWKRIPPIURPWKHWRSVXUIDFHLVVKRZQLQ)LJ7KHSUHGLFWHGUHVLGXDOVWUHVVHVWKURXJKWKH
WKLFNQHVVRIWKHSODWHDWWKHZHOGFHQWUHIRUWKHEFFDQGWKHIFFSKDVHVDUHFDSWXUHGLQ)LJZLWKWKRVHIURPWKH
H[SHULPHQW,W LVREVHUYHGWKDWWKHVWUHVVVWDWHLQWKHIFFSKDVHLVWHQVLOHZKHUHDVLQWKHEFFSKDVHLVFRPSUHVVLYH
UHVXOWLQJ IURP WKH YROXPH FKDQJH DVVRFLDWHGZLWK WKH SKDVH WUDQVIRUPDWLRQ 7KLV VKRZV WKDW WKH SUHGLFWLRQV DUH
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UHDOO\ LQWHUSKDVHVWUHVVHV UDWKHU WKDQPDFURVWUHVVHV >@7KLV LV LQFRUUHODWLRQZLWK WKH UHVXOWV IURP WKHQHXWURQ
GLIIUDFWLRQH[SHULPHQW
7KH FRPSDULVRQ DFURVV WKH ZHOG DJUHHV YHU\ ZHOO LQ WKH UHJLRQV RXWVLGH WKH ZHOG IXVLRQ DQG +$= UHJLRQV
+RZHYHULQWKHZHOGIXVLRQDQG+$=UHJLRQVWKHUHDUHVLJQLILFDQWGLIIHUHQFHV7KLVFDQEHSDUWO\DWWULEXWHGWRWKH
DEVHQFHRIUHSUHVHQWDWLYHPDWHULDOGDWDIRU WKHVHUHJLRQV&RPSDULVRQRI WKHVWUHVVHV WKURXJKWKH WKLFNQHVVDJUHHV
YHU\ZHOOLQWKHUHJLRQVRXWVLGHWKHLQIOXHQFHRIWKHFRVPHWLFSDVV)URPWKHH[SHULPHQWDODQGVLPXODWLRQUHVXOWVLW
LVHYLGHQWWKDWDJUHDWHUXQGHUVWDQGLQJRIWKHLQWHUSKDVHVWUHVVHVLVUHTXLUHGWRDUULYHDWWKHPDFURVWUHVVVWDWH
&RQFOXGLQJUHPDUNV
%DVHGRQ WKHQHXWURQGLIIUDFWLRQH[SHULPHQWDQGDILQLWHHOHPHQWDQDO\VLV IRUGLVVLPLODUPHWDOZHOGHG3DQG
DXVWHQLWLF/1VWDLQOHVVVWHHOSODWHVXVLQJ(%ZHOGLQJLWZDVVKRZQWKDW
 'LVVLPLODUPHWDOZHOGHGVDPSOHVKDYHIFFDQGEFFSKDVHVSUHVHQWLQWKHZHOGIXVLRQ]RQH7KHQDUURZQHVV
RI WKH IXVLRQ]RQHDQG WKH+$=UHJLRQVDORQJZLWK WKHFRDUVHJUDLQV LQ WKHZHOGIXVLRQ]RQH LQWURGXFHG
FRQVLGHUDEOHGLIILFXOW\LQREWDLQLQJVWDWLVWLFDOO\VLJQLILFDQWFRXQWLQJVWDWLVWLFVGXULQJWKHQHXWURQGLIIUDFWLRQ
H[SHULPHQW
 7KHQDUURZIXVLRQ]RQHDQG+$=UHJLRQVPHDQWWKDWQDUURZJDXJHYROXPHVZHUHXVHGDQGWKHUHIRUHLQWHU
SKDVHUHVLGXDOVWUHVVHVRUW\SH,,VWUHVVHVPLJKWQRWEHDYHUDJHG,QHVVHQFHWKHPHDVXUHPHQWVXVXDOO\UHYHDO
WKH VWUHVV VWDWH EHWZHHQ WKH SKDVHV UDWKHU WKDQ WKH PDFURVWUHVV VWDWH 7KH PDJQLWXGHV RI WKHVH SKDVH
GHSHQGHQWVWUHVVHVZHUHFUHDWHGE\WKHYROXPHFKDQJHDULVLQJIURPWKHSKDVHWUDQVIRUPDWLRQLQ3VWHHO
 ,UUHVSHFWLYHRI WKH UDQJHRIDVVXPSWLRQVPDGH LQ WKH)(VLPXODWLRQV WKHUHZDVVRPHDJUHHPHQWEHWZHHQ
PHDVXUHGDQGVLPXODWHGUHVLGXDOVWUHVVHVHVSHFLDOO\LQWKHUHJLRQVDZD\IURPZHOGIXVLRQ]RQHDQG+$=


)LJ&RQWRXUPDSVKRZLQJWKHORQJLWXGLQDOUHVLGXDOVWUHVVSURILOHDWPLGVHFWLRQRIWKHSODWH

)LJ&RPSDULVRQRISUHGLFWHGDQGPHDVXUHGORQJLWXGLQDOUHVLGXDOVWUHVVDFURVVWKHZHOG
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
D

E
)LJ&RPSDULVRQRISUHGLFWHGDQGPHDVXUHGORQJLWXGLQDOVWUHVVWKURXJKWKHZHOGIXVLRQ]RQHDWWKHZHOGFHQWUHDIFFSKDVHEEFFSKDVH
$FNQRZOHGJHPHQWV
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